Abstract
Many investigations on steroid metabolism in primary aldosteronism have been carried out in vivo and in vitro. However, most of these studies concerned solitary aldosteronoma.
Based on the results, it was reported that other steroids, i.e., 11-deoxycorticosterone (DOC), 18-hydroxy-11-deoxycorticosterone (18-OH-DOC) and corticosterone, as well as aldosterone, were increased in most cases of primary aldosteronism in both in vivo and in vitro studies (Biglieri et al., 1963; Crane and Harris, 1966; Biglieri et al., 1968; Oddie et al., 1972; Ojima, 1978; Fukuchi et al., 1978 Case report
A 39-year-old housewife (152 cm, 46 kg) was admitted to Nihon University Hospital in July, 1976, for evaluation of transient muscle weakness of the four extremities and hypertension over the previous 2 years. She had not had polyuria or polydypsia. Before admission to Nihon University Hospital, the patient had been evaluated at another hospital where she was diagnosed as having chronic glomerulonephritis and essential hypertension.
Her family history revealed that her father and mother had been hypertensive and had died of cerebral bleeding at the ages of 63 and 70 respectively.
On admission, her pulse rate was 70 per min, regular, and her respiratory rate was 18 per min.
Her blood pressure ranged from 150/600 to 180/100 mmHg.
Her urine volume varied from 1000 to 2000 ml/day. The lungs were clear.
The heart was slightly enlarged to the left. The aldosterone levels in the left renal venous blood, the right renal venous blood, the blood of the upper and lower parts of both renal veins in the vena cava inferior were 2116.8, 482.6, 851.8, and 453.3 pg/ml, respectively. Renography and intravenous pyelography yielded normal find ings.
On ECG, only the U wave was found.
The chest X-P was not remarkable.
Eye fundigraphy showed KeithWeginer I. In the tissue of the right adrenal, the zona glomerulosa was thin, as were the two other zones.
Materials and Methods
After admission to Nihon University Hospital, antihypertensive therapy was withheld and the following various special tests were performed on a diet containing 5-8g NaCl/day. I. In vivo study:
Test procedures: 1. Circadian rhythms of PRA, plasma ACTH and 7 steroid hormones:
Blood samples for assessing the circadian rhythms of the above hormones were drawn at 1600, 2400, and 0600 h on recumbency, the blood samples at 1600 h being drawn after 2 hours' recumbency from 1400 h. The same circadian rhythms were then investigated again at 1 month after the operation.
Furosemide test:
Immediately after a baseline sample had been drawn at 0900 h following overnight recumbency, furosemide (0.7 mg/kg) was administered intravenously. After 2 hours' ambulation, another blood sample was collected for determination of PRA and plasma aldosterone.
A similar stimulation test was carried out again at 1 month after the operation.
3. Dexamethasone+furosemide test: One mg of dexamethasone was administered orally at 2100 h, and, on the next morning, the baseline sample was drawn at 0900 h following overnight recumbency.
Immediately after this, furosemide (0.7 mg/kg) was administered intravenously. After 2 hours' ambulation, another blood sample was collected for determination of PRA and plasma aldosterone. At 1 month after the operation, a similar test was repeated.
ACTH infusion test:
Immediately after withdrawal of the baseline sample, 4 hours' infusion of 12.5 IU of ACTH (Acthar, Armour Pharmaceutical Co.) dissolved in 500 ml of 5% xylitol was begun at 0900 h following overnight recumbency, and two other samples were collected 2 and 4 hours later. The patient remained recumbent throughout this test.
Saline infusion test:
Immediately after withdrawal of the baseline sample, 1 hour's infusion of 1000 ml saline was begun at 0900 h following overnight recumbency, and another sample was collected 1 hour later. The patient remained recumbent throughout the test.
Angiotensin II or angiotensin III infusion test:
An angiotensin II or angiotensin III infusion test was performed at between 1400 and 1500 h following 2 hours' recumbency.
The angiotensin II (Hypertensin, Ciba Co.) or angiotensin III (Protein Research Foundation, Osaka) dissolved in 5% xylitol was infused at a rate of 8 ng/kg/min for 30 min (angiotensin II) or 60 min (angiotensin III). Venous blood samples were drawn before the infusion, and at 15, 30, 45, and 60 min after commencing the infusion.
KCI infusion test:
Immediately after withdrawal of the baseline sample, KCI dissolved in 5% xylitol was infused for 60 min at a rate of 0.3 mEq/kg/h.
Venous blood samples were drawn before the infusion, and at 15, 30, and 60 min after commencing the infusion. elevated from 0.27 to 0.51 ng/ml. After the operation, the level of PRA was increased to 6 times the base level, but the level of aldosterone was unchanged. 3. The responses of PRA and 9 steroid hormones to ACTH infusion are shown in Table  3 . The plasma concentrations of PRA were increased from 0.5 to 1.3 ng/ml/ h in 4 hours after the ACTH infusion.
The plasma levels of the 9 steroid hormones were increased after the ACTH infusion. In particular, the responses of corticosterone and DOC were prominent. Table  5 . In the case of the angiotensin II infusion test, the blood pressure was elevated from 176/100 to 210/116 mmHg, but the levels of PRA and plasma aldosterone before and after the stimulation test were not greatly different.
In particular, the levels In the case of the angiotensin III infusion test before the operation, the levels of PRA were not changed during the test, and the levels of plasma aldosterone fell gradually.
Similarly, the concentrations of PRA and plasma aldosterone decreased gradually after the operation.
6. In the KCl infusion study, the level of serum K. rose from 2.0 to 2.4 mEq/L after 60 min of KCl infusion (Table 6 ). The level of PRA did not change remarkably after the test. The plasma aldosterone was increased at 30 min after KCl infusion and then decreased gradually at 60 min after the infusion.
II. In vitro study:
1. Data for the tissue contents of 5 steroids in the adenoma, nodular hyperplasia, and grossly normal adrenal tissue in the left and right adrenals are shown in Table 7 . The amounts of 4 of the steroids, i.e. with the exception ef cortisol, were greatest in the adenoma, followed by the nodular hyperplasia, the right normal adrenal tissue, and the left adjacent adrenal tissue, in that order.
Interestingly, the amouts of the 5 steroids were found to be lowest in the adjacent adrenal tissue, as Toble 8. Levels of 9 steroid hormones before and after incubation (20 ml Eagle medium, 60 min) with or without ACTH (2 IU/one g of adrenal tissue) using the adenoma tissue (300 mg wet weight) and the adjacent adrenal tissue (300 mg wet weight). compared to those in the other adrenal tissues. Furthermore, the cortisol concentrations were greater in the adenoma and nodular hyperplasia than in the right adrenal tissue. 2. The results of the incubation study using the adenoma and adjacent adrenal tissue are shown in Table 8 . In the case of the adenoma tissue, the levels of corticosterone were markedly,high after incubation with ACTH. On the other hand, the responses of progesterone, DOC, 18-OH-B, 17-0H-P, 11-deoxycortisol, and cortisol to ACTH were less remarkable and showed twice the levels observed in the case of incubation without ACTH. The responses of the plasma aldosterone and plasma DHEAS to incubation with ACTH were not so evident.
In the in vitro studies of the adjacent tissue, the responses of corticosterone, aldosterone and other steroids to ACTH stimulation were unremarkable.
Discussion
It is generally considered that the incidence of primary aldosteronism with multiple aldosteronoma is very low, as reported previously by Russi et al. (1945) , Conn et al. (1964) and Priestley et al. (1968) . Furthermore, no paper has yet described a systematic study on steroid hormones in vivo and in vitro in a case of primary aldosteronism with multiple lesions involving adenoma and nodular hyperplasia of a unilateral adrenal.
In the present study on the circadian rhythms of various hormones, it is worthy of note that remarkable decreases in plasma aldosterone levels occurred after the operation, although some problems arise in directly comparing the hormonal levels before and after the operation.
On the other hand, the amounts of other steroid hormones after the operation were increased to levels as high as those before the operation. Several papers (Biglieri et al., 1963; Crane and Harris, 1966; Biglieri et al., 1968; Oddie et al., 1972; Ojima, 1978; Fukuchi et al., 1978) have described higher levels of various steroids in cases of primary aldosteronism.
Recently, Ojima et al. (1980) reported that the levels of progesterone, DOC, and corticosterone were generally higher in primary aldosteronism. Moreover, they speculated that primary aldosteronism represents a state of hypermineralocorticoid levels as reported previously (Biglieri et al., 1968) . However, the present data indicate that the adrenals in our case showed excessive production of only aldosterone before the operation, as reported previously by many investigators.
In the furosemide study, the patient revealed higher levels of plasma aldosterone after the test. Ganguly et al. (1973) have reported a very simple method, which is similar to the furosemide test, for differentiating primary aldosteronism with adenoma from primary aldosteronism with hyperplasia.
However, we have experienced some cases of primary aldosteronism with adenoma in which the levels of plasma aldosterone rose after the above procedure. It is considered therefore that this procedure is not suitable for differentiating primary aldosteronism with adenoma from primary aldosteronism with hyperplasia. Recently, some investigators have reported a new modified method for differentiating these diseases (Vaughan et al., 1981) .
We previously reported a simplified method for differentiating primary aldosteronism due to adenoma from essential hypertension with low PRA (Honda et al., 1980) . In the present case, the levels of PRA after the dexamethasone+furosemide test were as low as those before the test. We therefore diagnosed this patient as a possible case of primary aldosteronism due to adenoma.
In the ACTH stimulation test, markedly In the angiotensin II or III infusion tests, no rise in the plasma aldosterone levels after the stimulation tests was observed, while the blood pressure was increased remarkably after angiotensin II infusion. Kono et al. (1981) have reported that the angiotensin III stimulation test represents a suitable procedure for identifying primary aldosteronism due to an adenoma. In the present study, we did not use as much angiotensin III as the doses reported by Kono et al. (1981) : based on the evidence that angiotensin III has the same stimulating activity for aldosterone as angiotensin II (Kono et al., 1975) , we did not employ 20 ng/kg/min of angiotensin III. It is considered therefore that we could not have an increase in aldosterone after the operation as compared to before the operation.
However, decereased sensitivity of the adrenals to angiotensin II or III cannot be ruled out.
In the KCl infusion test, a slight increae in plasma aldosterone was observed at 15 and 30 min after KCl infusion. There is no previous report on the responses of plasma aldosterone following KCl infusion in patients with primary aldosteronism. Recently, several authors (Himathongkam et al., 1975) found that the responses of plasma aldosterone were limited by an appropriate increase in serum K. In the present case, we infused 20 mEq of KCl for 60 min, and the increase in plasma potassium was found to be only 0.4 mEq/L (from 2.0 to 2.4 mEq/L).
It Clearly, further studies, including the application of special techniques, will be required to establish the true mode of development.
